Abstract: In the past decades, several simulation models have been developed to analyze the performance of construction projects and site operations that are fraught with uncertainty. Due the lack of successful practical examples being report, however, the construction industry still has a doubt in using simulation techniques. For this reason, this paper presents a simulation-based example of the site-level structural steel erection operations for a building project located in Taiwan. The example has shown the benefits of using simulation to plan the number of work zones, analyze the resource production rate, and identify critical tasks.
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STRUCTURAL STEEL ERECTION OPERATIONS
As shown in Figure 1 , the completion of a typical structural steel story requires six major construction tasks, including: (1) hoisting and assembling of structural steel columns and beams (C/B), Unable to capture this interaction may lead to an optimistic expectation of project duration, and eventually the project cost is also increased. 
To plan the number of work zones for each
To analyze the production rate of resource for allocating crew workers.
To identify the tasks that dominate the performance of duration.
While current practitioners are experience-based to deal with these decisions, this paper uses simulation techniques to provide solutions.
4.

SIMULATION MODEL
After defining the decision-making problems, 
Model
In addition to further illustrate the details of the above four modeling components, the following subsections also explain the simulation language adopted by this case study, the simulation network diagram, and some key features for simulation programming.
Stroboscope Simulation Language
This paper adopts a simulation language called 
Required Input Data
The required data are collected by interviewing with the jobsite superintendents, engineers, foreman, and crew workers. Table 2 (1) and (2),
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Decision Variables
The decision variables in this case study are the amount of work zones to be divided and amount of crew workers to be employed. A work zone is the place for stacking the C/B structural steel materials.
As implied in Equations (1) and (2) 
Assumptions
The main assumptions made in this simulation model include:
(1) Only single tower crane is used and its location at jobsite is fixed. This is because the number and jobsite location of tower crane have been determined when the simulation analysis is conducted. 
Simulation Network Diagram
As shown in Figure 3 
A Key Feature of Programming
All the network elements show in 
RESULTS AND DISCUSSIONS
The simulation results can be presented in three parts: impact of varying number of work zones, utilization of resources, and dominant tasks for each story. Figure 5 shows the durations of executing the 14-story structural steel operation under different divisions of work zones and number of crew worker.
Impact of Varying Number of Work Zones
From the figure, it can be found that:
Possible durations can be ranged from 164 to 257 days.
Dividing into three zones can produce the shortest duration, i.e., about 164 working days. That is, C/B structural steel should be stacked at three designated zones or areas.
Dividing into more zones does not necessarily lead to a shorter duration. For example, the duration of 4-zone scenario produces longer duration than 3-zone scenario.
Using six crew workers under three zones can result into the shortest duration. And adding more than six crew workers has no impact on the duration. 
Dominant Tasks for each Floor
In this case study, to identify dominant tasks for supporting management is to determine which activities control the total duration of the steel erection operation. It is similar to identify to the so-called critical path. As shown in Table 3 After presenting the simulation results to the project superintendent, several comments and suggestions to this case study are concluded. Firstly, since the use of network diagrams allows to "visualize" the modeling process (such as Figure 3) , simulation results tend to be more reasonable than the ones provided by other mathematical models.
Secondly, the decision variables (such as changing the number of zones and crew workers) used by the simulation model for this case study are "acceptable"
to the decision-makers. For example, analyzing the number of tower cranes required to be employed will be useless for the case project, since the decision has already been decided. Finally, it is agreed that the reason why the predicted duration is shorter than the actual duration in the field for about 16 days (i.e., 164 days versus 180 days) may be due to several stoppages of safety violations occurred during the operation period.
